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INTRODUCTION
Bipolar disorder (BD) and major depressive disorder (MDD) are psychiatric diseases that lead to high rates of functional impairment and can require hospitalization for treatment during mood episodes. In the literature, there are hypotheses suggesting that the etiology of BD and MDD is related to the immune system and inflammatory processes (1, 2) . It has been reported that changes in the levels of acute-phase reactants and proinflammatory cytokines could play a role in the etiology of these disorders (3) (4) (5) .
The neutrophil-lymphocyte ratio (NLR), the platelet-lymphocyte ratio (PLR), and the monocytelymphocyte ratio (MLR) are the most useful indicators of systemic inflammation (6, 7) . In the literature, NLR was found to be higher in MDD and BD patients than in healthy controls (HC) (8) (9) (10) . Patients in hypomanic/ manic and euthymic periods of BD have been seen to have a higher NLR than patients in depressive periods (8) . However, according to a study published in 2017, there were contradictory findings or no difference found between euthymic and depressive periods in respect of NLR (11) .
PLR is higher in BD patients compared to HC (12) . Higher PLR levels have also been reported in patients with severe MDD compared to those with moderate and mild MDD (13) . In a comparative study, MLR was found to be higher in BD patients than in the control group (14) . A recent study of schizophrenia, BD, and HC reported that higher NLR, PLR, and MLR values were observed in BD patients than in the control group (12) . To the best of our knowledge, there has been no study comparing NLR, PLR, and MLR in adolescent patient groups with BD and MDD.
Chronic inflammatory diseases such as asthma and obesity often seen in children with a psychiatric diagnosis may indicate a relationship between psychiatric diagnoses and inflammation symptoms (15, 16) . As cytokine production is different in children and adolescents than in adults, previous findings in the adult patient population may not be valid for children (17) . Moreover, a sample consisting of children and adolescents may allow a reduction of the confounding role associated with the inflammatory process of comorbid diseases (18) . Not only are there few studies related to psychiatric diseases and the inflammatory process in children and adolescents, but the small sample sizes in those studies have also restricted the examination of correlations between the stated variables with sufficient power (18) .
This study aimed to examine the role of the inflammatory process in BD-manic episode and MDD. To this end, the parameters of NLR, PLR, MLR, and whole blood count were compared between BD and MDD patients and HC. The study hypothesized that the NLR, PLR, and MLR values would be higher in adolescents diagnosed and hospitalized with BD and MDD than in HC.
METHOD

Participants and Procedure
The study included 43 patients diagnosed with BDmanic episode and 46 patients diagnosed with MDD who were hospitalized for the first time in the Pediatric Psychiatry Unit of Ondokuz Mayis University Medical Faculty between 2013 and 2017. The results of blood samples taken routinely during hospitalization were retrospectively evaluated following an automation process in the hospital. The blood samples had been taken within 24 hours of hospital admittance, and serum NLR, PLR, and MLR were examined. Patients who had a chronic illness (infectious diseases, hypertension, diabetes mellitus, autoimmune disease) other than schizophrenia or were taking drugs other than antipsychotic medicines (steroids, nonsteroidal anti-inflammatory drugs, antibiotics) that could interfere with complete blood count (CBC) values were excluded from the study. Approval for the study was granted by the Ethics Committee of Ondokuz Mayis University no: B.30.2.ODM./20.08.1091-1146, dated 09.10.2017.
Biochemical Analyses
Samples were drawn into tubes with EDTA ethylenediaminetetraacetic acid for the CBC, and the CBC was done on a CELL-DYN 3700 SL analyzer (Abbott Diagnostics, Chicago, USA). White blood cell (WBC), neutrophil, lymphocyte, platelet, and monocyte numbers were retrieved from complete blood counts at the time of admission, and NLR, PLR, and MLR were calculated from these values. Data for the healthy control group were obtained by a retrospective examination of the laboratory results of 40 adolescent bone marrow transplant donors in the same hospital. Volunteers donating blood to our hospital blood bank are examined for chronic diseases and any drugs they use. Blood donations are not accepted from patients with chronic disease or long-term drug use. The results of the blood samples taken from the control group were compared with those of the BD and MDD groups.
Statistical Analysis
Statistical analysis was performed using SPSS 22.0 (IBM, Chicago, IL, USA). Normal distribution of the data was assessed with the Kolmogorov-Smirnov test. For comparisons of two groups of normally distributed data, the Independent Samples t-test was applied, and for three groups, one-way ANOVA was used. For post hoc analysis, Bonferroni test was carried out. Spearman correlation analysis was used for correlation analysis. Multiple linear regression analysis with a backward elimination method was applied to the group using blood parameters and hospitalization period. A value of p<0.05 was accepted as statistically significant.
RESULTS
In the demographic data, no significant difference was determined between the groups regarding age, gender, and length of hospital stay. The demographic findings are shown in Table 1 .
As a result of the comparison of three groups, a statistically significant difference was determined in respect of NLR, neutrophil count, and lymphocyte count, while no significant difference was determined between the other parameters ( Table 2 ). In the post hoc comparisons with Bonferroni test, statistically, significant differences were determined in respect of NLR (p=0.006) and neutrophil counts (p=0.003) between the BD and HC.
The correlation of the hospitalization period and the blood parameter values in the MDD and BD groups was examined. A weak positive correlation was determined between NLR and hospitalization period in the BD group (Table 3) .
Multiple linear regression analysis was applied with a backward elimination method between the length of stay (dependent variable) and NLR, PLR, and MLR (independent variables) values to the BD group. A model with NLR and PLR values was statistically significant (R 2 =0.429, p=0.005). The linear regression analysis is shown in Table 4 .
DISCUSSION
In studies related to BD and inflammation, changes in cytokine profiles such as TNFα, IL-2 receptors, and IL-6, interferon-γ have been previously reported (19) (20) (21) . IL-2, IL-6, and interferon-γ have been found to decrease to normal values with three months of lithium treatment (22) . Another marker that has been examined related to inflammation in BD is NLR. In a study published 2015 by Cakir et al. (23) , it was shown that NLR and neutrophil count values were higher in BD patients and lymphocyte values lower compared to a healthy control group. In the current study, NLR and neutrophil count values were determined to be statistically significantly higher in adolescents with BD and the lymphocyte values lower compared to HC. As all the BD patients evaluated in the current study were receiving treatment, the blood samples were taken in the manic phase. Yildiz et al. (8) found higher NLR values in BD patients in both the euthymic and manic episodes compared to HC. In a study by Kalelioglu et al. (24) , although a significant difference was seen in varying NLR, neutrophil count and lymphocyte count values in the manic and euthymic periods of BD compared to the control group, no significant difference was observed between the values of the manic and euthymic periods. The current study has shown a significant positive correlation between NLR and length of hospital stay in BD patients. It can be expected that those with a longer hospitalization have suffered a more severe manic episode. An increase in NLR as an inflammation marker according to the severity of the manic episode could affect this result. Given the retrospective design of the study and because objective measurements could not be used to evaluate the severity of the manic episode, the interpretation of this finding is limited. Future studies examining the relationship between NLR and BD would be helpful for a clarification of the correlation between NLR values and the severity of the manic episode.
In the current study, the NLR and PLR values in the MDD patients were found to be significantly higher and the lymphocyte count lower than in HC. In a prospective study by Demir et al. (9) , higher NLR and neutrophil count and lower lymphocyte count were determined in patients with depression not receiving any pharmacological treatment compared to HC. Demircan et al. (25) reported that NLR was higher in depressed patients than in HC, and a reduction in levels was determined in the third month of antidepressant treatment. It has previously been reported that acutephase reactants such as TNF-α, IL-1, and IL-6 are elevated in depressed patients and may be useful in the understanding of the etiopathogenesis (5) . Increased depression rates in chronic inflammatory diseases and cytokines such as interferon-α that are used in immune treatment cause depression, supporting the view that there is a correlation between depression and the inflammatory process (26, 27) . Some studies have emphasized that stressors in childhood have a role in triggering the process of the relationship between depression and inflammation, and it has been suggested that this patient group would be a good candidate for treatment with anti-inflammatory drugs (28) (29) (30) . Although there are fewer studies of MDD and the inflammatory process in children and adolescents than in adults, in some studies, IL-6 and interferon-γ values were higher compared to the control group (31, 32) . The retrospective design of the current study prevented an evaluation of the relationship of cytokines to the inflammatory process.
Like NLR, PLR is a useful marker for the systemic response to inflammation (6) . In a study by Ozdin et al. (12) , the PLR value of BD patients in the manic attack phase was found to be higher than that of HC. According to Kalelioglu et al. (24) , while there was no significant difference between BD patients in the manic attack phase and a control group in respect of PLR, this ratio was found to be higher than in the controls when BD was in the euthymic phase. In the current study, as the BD patients were all in the manic attack phase, no significant difference was observed compared to the control group in respect of the PLR values. No previous study comparing the PLR values of MDD patients with HC could be found in the literature. In a study published in 2017 by Kayhan et al. (13) , the PLR value of severe MDD patients was found to be higher than that of mild and moderate MDD patients. Furthermore, a recent study by Ozturk et al. (33) showed decreased MPV and NLR values after the treatment of depression. One of the findings of the current study was that the PLR values of the MDD patients were found to be higher than those of the control group. Although no objective measurement was made of the severity of depression in the current study, the correlation between length of hospital stay and the PLR value was evaluated and not found to be significant. Further studies evaluating the relationship of PLR with depression severity and duration would contribute to the literature related to this subject. There were some limitations to this study: we used a retrospective design, there was no evaluation of the severity and duration of manic and depressive phases and no assessment of the effect of the psychiatric drugs being used that could have been seen in the blood parameters. Generating the sample by selecting patients admitted to the psychiatry unit prevents generalization of the results. Further studies with more extensive samples from euthymic and depressive BD patients being treated both as in-and outpatients would contribute to the determination of inflammatory values as state and trait.
The results of this study demonstrated that NLR values in adolescents diagnosed with BD and MDD were higher and lymphocyte values lower compared to a control group. In addition to NLR, the neutrophil count, as an inflammation marker, was found to be higher in the BD patients compared to the control group and the PLR value was higher in MDD patients compared to the control group. In contrast to the study hypothesis, no difference was seen in the MLR values between the BD and MDD groups. The results of the study support the multi-systemic inflammatory process model related to BD and MDD in a patient group of children and adolescents that had been revealed in previous studies. There have not been sufficient studies with large samples of the pediatric and adolescent age group examining the relationship between psychiatric disease and the inflammatory process. Confounding findings of inflammatory diseases are not often seen in children and adolescents, and there is therefore a need for further studies to investigate the relationship between psychiatric diseases and inflammation in this age group. The current study can be considered as a contribution to the literature on this subject. 
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